Abstract. Abnormal expression of long non-coding RNAs (lncRNAs) have been shown to play an important role in tumor biology. The Cancer Genome Atlas (TCGA) platform is a large sample sequencing database of lncRNAs, and further analysis of the associations between these data and patients' clinical related information can provide new approaches to find the functions of lncRNA. In the present study, 361 RNA sequencing profiles of gastric cancer (GC) patients were selected from TCGA. Then, we constructed the lncRNA-miRNA-mRNA competitive endogenous RNA (ceRNA) network of GC. There were 25 GC specific lncRNAs (fold change >2, p<0.05) identified, 19 of them were included in ceRNA network. Subsequently, we selected these 19 key lncRNAs and analyzed the correlations with clinical features and overall survival, 14 of them were discriminatively expressed with tumor size, tumor grade, TNM stage and lymphatic metastasis (p<0.05). In addition, eight lncRNAs (RPLP0P2, FOXD2-AS1, H19, TINCR, SLC26A4-AS1, SMIM10L2A, SMIM10L2B and SNORD116-4) were found to be significantly associated with overall survival (log-rank p<0.05). Finally, two key lncRNAs HOTAIR and UCA1 were selected for validation of their expression levels in 82 newly diagnosed GC patients by qRT-PCR. Results showed that the fold changes between TCGA and qRT-PCR were 100% in agreement. In addition, we also found that HOTAIR was significantly correlated with tumor size and lymphatic metastasis (p<0.05), and UCA1 was significantly correlated with tumor size, TNM stage and lymphatic metastasis (p<0.05).
Introduction
Noncoding RNAs (ncRNAs) are transcripts that have no ability of coding proteins, which widely exit in high eukaryotics. According to their characteristics, ncRNAs can be divided into several subtypes including transfer RNA, small nucleolar RNA (snoRNA), ribosomal RNA (rRNA), microRNA (miRNA) and long non-coding RNA (lncRNA). The amount of the ncRNAs transcripts is >98% of the whole genome transcripts and have been suggested to represent transcriptional noise (1) . However, more and more evidence indicates that transcriptional output of genome is far more complex than predicted, and suggests new paradigms of ncRNA regulation (2) .
Recent studies suggest that the ncRNAs may play important biological roles in transcriptional regulation, cellular development, formation of chromosome and RNA modification (3) . Based on the transcript size, ncRNAs are grouped into small ncRNAs (<200 bp) and long ncRNAs (>200 bp, up to 100 kb). lncRNA is the functional end-product, and the level of lncRNA expression correlates directly with the level of the active molecule. Thus, the use of lncRNAs in diagnostics has intrinsic advantages over the use of protein-coding RNAs (4) . In addition, lncRNAs show greater tissue specificity compared to miRNAs and protein-coding mRNAs, making them attractive in the search for novel diagnostic and prognostic cancer biomarkers (5) . Increasing number of evidence shows that lncRNAs regulate the biological roles of various cancers in progression and development, including gastric cancer (GC) (6) , esophageal cancer (7), hepatocellular carcinoma (HCC) (8) , colorectal cancer (9) , and lung cancer (10 1 and YUE-PU PU also found lncRNA regulation of progression in GC (11, 12) . In addition, cancer specific lncRNAs may also relate to invasion and metastasis of GC (13) . LncRNAs play important biological roles as a regulatory molecule through a variety of mechanisms. Salmena et al, presented the competing endogenous RNA (ceRNA) hypothesis, indicated that RNA transcripts communicate with each other by miRNA response elements (14) . This competition between mRNAs, lncRNAs and pseudogene transcripts regulate each other's expression by using miRNA response elements (MREs) to compete for the binding of miRNAs, which exert an important role in the initiation and progression of tumor (15) .
Gu et al (16) , reported abnormal lncRNA expression profile of GC by microarray analysis from six GC patients. To date, there is also lack of large sample size studies and cancer specific lncRNA biomarkers or detection methods in GC. Moreover, small sample studies can not explain whether abnormal lncRNAs are related with gender, survival or other clinical features with statistical power. The Cancer Genome Atlas (TCGA) (http://cancergenome. nih.gov) project data portal provides a platform of RNA sequencing with mRNA, miRNA and lncRNA data for GC. To improve the reliability and accuracy of the results, we further explored lncRNAs in GC using data sets by the tools of TCGA. A total of 361 samples of GC tumor tissues, and 34 adjacent non-tumor stomach tissue RNA sequence results were included from TCGA. To the best of our knowledge, our study is the first to use the large scale sequencing database to explore the cancer specific lncRNA expression profiles and ceRNAs co-expression network in GC. We also used quantitative RT-PCR (qRT-PCR) validation for some of these bioinformatic analysis results in tumor tissues and adjacent non-tumor tissues from 82 newly diagnosed GC patients. This approach of finding cancer specific lncRNAs and ceRNA related network can help to clarify the functions of lncRNAs in GC.
Materials and methods

Patients and samples.
A total of 443 patients with GC were collected from the TCGA database. The criteria of exclusion were set as follows: i) tissues samples without completed data for analysis; ii) histologic diagnosis is not stomach adenocarcinoma; iii) suffering of other malignancy except GC; iv) patients had received preoperative chemoradiation; and v) overall survival time more than 5 years. Overall, a total of 361 GC patients were included in our study. Among these 361 GC patients, the GC tumor tissues were obtained from 361 subjects and the adjacent non-tumor stomach tissues were from 34 subjects. In addition, there are 338 GC patients with lymphatic metastases and 23 GC patients with non-lymphatic metastases. According to the histologic staging data, well and moderately-differentiated adenocarcinoma GC (G1-2 stage) were 133 cases, and poorly-differentiated adenocarcinoma GC (G3-x stage) were 228 cases. This study was fully compliance with the publication guidelines provided by TCGA. The data were obtained by using TCGA database, so the approval of ethics committee was not required.
In addition, 82 GC patient specimens, aged 45-70 years, and their paired adjacent non-cancerous tissue specimens were obtained from the Wuwei Tumor Hospital of Gansu (Wuwei, China), for quantitative RT-PCR analysis. All of these patients were assigned a diagnosis of GC based on histopathology and clinical history. Clinical information that was recorded for each specimen included age, tumor grade, cancer stage, tissue dimensions, and date of resection. None of the patients had received preoperative chemoradiation. Adjacent noncancerous tissues were located ≥5 cm from the tumor edge. Tissue samples were immersed in RNAlater (Ambion, Austin, TX, USA) and stored at -80˚C until use.
RNA sequence data sets and differential analysis. The stomach adenocarcinoma (STAD) RNA expression profile data (level 3) of the corresponding patients were obtained from TCGA data portal (up to Nov 1, 2015) (https://tcga-data. nci.nih.gov/tcga/dataAccessMatrix.htm?mode=ApplyFilter). TCGA database provide the normalized count data of RNA sequencing including lncRNA and mRNA expression The downloaded data including many individual data files consist of one for each tissue sample. TCGA database have already normalized these RNA expression profile data, so no further normalization was required. In the next step, we compared the differentially expressed lncRNAs, mRNAs and miRNAs in 3 levels, including, GC patient tumor tissues/ adjacent non-tumor stomach tissues, lymphatic metastases of GC patients/non-lymphatic metastases of GC patients, well and moderately-differentiated (G1-2 stage) adenocarcinoma of GC/poorly-differentiated (G3-x stage) adenocarcinoma of GC, respectively. Then, we chose intersection lncRNAs, mRNAs and miRNAs in the above 3 levels for further analysis. Fig. 1 depicts a flow chart for bioinformatics analysis.
GO and Pathway analysis. Differentially expressed intersection mRNAs were entered into the Gene Ontology database (http://www.geneontology.org), which utilized GO to identify the molecular function represented in the gene profile. Up and downregulated genes were analyzed, respectively. The Kyoto Encyclopedia of Genes and Genomes (KEGG) (http://www. kegg.jp/) was used to analyze the potential functions of these genes participated in the pathways (17) .
Construction of the ceRNA network. According to the relationship among lncRNA, miRNA and mRNA, the posttranscriptional regulation of mRNA transcripts bound by single-stranded miRNAs is basically established. In this study, we built miRNA-lncRNA-mRNA ceRNA network which are based on the theory that lncRNA can regulate miRNA abundance by sequestering and binding them, acting as so-called miRNA sponges. We chose differentially expressed intersection miRNA, lncRNA, and mRNA with fold change >2.0 (including upregulation and downregulation) and p<0.05. Predicted differentially expressed miRNA targets in this study were determined using miRanda (http:// www.microrna.org/microrna/home.do) to find the lncRNAmiRNA interactions, and using mRBase targets (http://mirdb. org/miRDB/) and Targetscan (http://www.targetscan.org/) to predict target genes. Next the study combined the information of miRNAs predicted and differentially expressed data of TCGA to choose the inter section lncRNAs and mRNAs. Then, according to the theory of ceRNA, we chose the miRNA negatively regulated intersection expression of lncRNAs and mRNAs to construct the ceRNA network. The ceRNA networks were constructed and visualized using Cytoscape v3.0 (18). Fig. 2 depicts a flow chart for ceRNA network construction.
Key lncRNAs and clinical feature analysis and qRT-PCR validation.
According to the bioinformatics analysis and the ceRNA network, key lncRNAs were chosen. We further analyzed the clinical features including race, gender, tumor grade, TNM stage, pathological stage and invasion. In addition, our study also analyzed the association between the key lncRNAs and the GC patient survival time. Finally, we selected some of the key lncRNAs and used qRT-PCR to validate the results of bioinformatics analysis from 82 newly diagnosed GC patients.
Statistical analysis.
All the results were expressed as mean ± SD. Statistical analysis was done with Student's t-test for comparison of two groups in data analysis, and ANOVA for multiple comparisons. In both cases, differences with p<0.05 were considered statistically significant. The statistical significance of data analysis results was analyzed by fold change and Student's t-test. False discovery rate was calculated to correct the p-value. qRT-PCR relative fold change results are calculated using the 2 -∆∆Ct method (19) , where [∆Ct = (Ct RNAs -Ct GAPDH ) and ∆∆Ct = ∆Ct tumor tissues -∆Ct adjacent non-tumor tissues ].
Results
Cancer specific lncRNAs in GC. We identified that 268 lncRNAs were differentially expressed between GC tumor tissues and adjacent non-tumor tissues from TCGA database (absolute fold change >2, p<0.05). In further analysis of these differentially expressed lncRNAs, between GC tumor tissues and adjacent non-tumor tissues, we found 208 lncRNAs were differentially expressed between G1-2 stage (lymphatic metastasis) GC tumor tissues and adjacent non-tumor tissues; 48 lncRNAs were differentially expressed between G1-2 stage (non-lymphatic metastasis) GC tumor tissues and adjacent non-tumor tissues; 153 lncRNAs were differentially expressed between G3-x stage (lymphatic metastasis) GC tumor tissues and adjacent non-tumor tissues; 101 lncRNAs were differentially expressed between G3-x stage (non-lymphatic metastasis) GC tumor tissues and adjacent non-tumor tissues. To further enhance the reliability of the bioinformatics analysis, we selected 25 lncRNAs included in the intersection of the above analyzed levels (Fig. 3A) . Finally, 25 lncRNAs (16 upregulated; 9 down regulated) were selected to build the ceRNA network (Table I) .
GO and Pathway analysis of differentially expressed genes.
Predicted functions of differentially expressed genes in this study were determined by intersection mRNAs. Our study found that 3719 mRNAs were differentially expressed between GC tumor tissues and adjacent non-tumor tissues in TCGA. We further analyzed these differentially expressed genes and found 2605 mRNAs were differentially expressed between G1-2 stage (lymphatic metastasis) GC tumor tissues and adjacent non-tumor tissues; 841 mRNAs were differentially expressed between G1-2 stage (non-lymphatic metastasis) GC tumor tissues and adjacent non-tumor tissues; 2318 mRNAs were differentially expressed between G3-x stage (lymphatic metastasis) GC tumor tissues and adjacent non-tumor tissues; 1633 mRNAs were differentially expressed between G3-x stage (non-lymphatic metastasis) GC tumor tissues and adjacent non-tumor tissues. Finally, we selected 489 mRNAs, which included in the intersection of the above analyzed levels (Fig. 3B) .
The 489 differentially expressed genes were further analyzed by Gene Ontology database (http://www.geneontology.org). The upregulated and down regulated genes were analyzed, respectively. We analyzed the enrichment of these differentially expressed genes. Enrichment provides a measure of the significance of the function, and as the enrichment increases, the corresponding function is more specific, which helps us to identify GO with a more definitive functional description (20) . The results showed that the highest enriched GOs targeted by upregulated transcripts were 'Regulation of cytokine biosynthetic processes'. The highest enriched GOs targeted by downregulated transcripts were 'N-methyl-Daspartate receptor clustering' (Fig. 4) . Pathway analysis indicated that 23 pathways corresponded to upregulated transcripts and that the most enriched network was 'Taurine and hypotaurine metabolism'. Moreover, pathway analysis also showed that 39 pathways corresponded to downregulated transcripts and that the most enriched network was 'Histidine metabolism'. Among these pathways, such as the 'PI3K-Akt signaling pathway', is involved in the carcinogenesis of gastric adenocarcinoma metastases (21), the 'Wnt signaling pathway' has been investigated as a cause of adenocarcinoma invasion (22) and the gene category 'Pathways in cancer' is involved in the development of GC. In addition, some pathways such as 'Small cell lung cancer, Cell adhesion molecules (CAMs), Proteoglycans in cancer and Transcriptional regulation in cancer' were also reported as cancers related pathways (23, 24) (Fig. 5) .
Predicted miRNAs targeted relationship and ceRNA network construction. In this study we have found 105 GC associated miRNAs which were differentially expressed between GC tumor tissues and adjacent non-tumor tissues. We selected 22 intersection miRNAs from 105 GC associated miRNAs by bioinformatics analysis from G1-2 lymphatic metastases GC patients /non-lymphatic metastases GC patients and G3-x lymphatic metastases GC patients /non-lymphatic metastases GC patients (Fig. 3C ). In the next step, we focused on whether these intersection miRNAs would target the above 25 GC specific lncRNAs. In the ceRNAs network, 17 miRNAs targeted 19 key lncRNAs were predicted though miRcode (http://www.mircode.org/) (25) (Table II) .
Then, in order to establish the lncRNA-miRNA-mRNA ceRNAs network, we also search for mRNAs targeted by miRNAs. According to the miRNAs described in Table II, we predicted miRNAs targeted mRNAs though miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/) (26) . Finally, we selected the intersection mRNAs through the predicted mRNAs and bioinformatics analyzed differentially expressed 489 mRNAs. The results identified 14 miRNAs (Table III) related to the 67 intersection mRNAs, and some of them have been reported to be cancer-associated genes such as COL1A1, FIGF, GHR, HOXC10, HOXC13, HOXC8, LIFR and SF11B. Based on Tables II and III , we constructed a miRNA-lncRNA-mRNA ceRNA network. The miRNAlncRNA-mRNA relationship was integrated into the ceRNA network through negative regulation. The ceRNA network was drawn using Cytoscape 3.0. Nineteen lncRNAs, 22 miRNAs (Tables II and III complementary miRNAs) and 67 mRNAs were involved in the ceRNA network (Fig. 6) . We also analyzed the mRNAs involved in ceRNA network to understand the lncRNAs indirectly regulated signal pathways by DAVID database (https://david.ncifcrf.gov/). According to the number of mRNAs involved, we listed the top 8 KEGG pathways in our study (Table IV) . Four cancer-related pathways including pathways in 'Pathways in cancer, Small cell lung cancer, Renal cell carcinoma and PI3K-Akt signaling pathway' were enriched with the mRNAs, another 4 non-cancer related pathways such as 'Focal adhesion, ECM-receptor interaction, Histidine metabolism and ErbB signaling pathway' were also enriched.
Key lncRNAs and clinical feature association and qRT-PCR validation.
The 19 key lncRNAs from the ceRNA network were further analyzed according to the clinical features, respectively, including race, gender, tumor grade, TNM stage and lymphatic metastasis status in TCGA data sets. There were 14 GC specific lncRNAs, the expression levels of which were significantly different in comparison of clinical features (p<0.05). We found that ATP8B5P, FOXD2-AS1, UCA1, GUCY1B2, RHPN1-AS, TSPEAR-AS2, LOC100128164 and SLC26A4-AS1 were linked to tumor grade, PVT1, H19 and PART1 were linked to TNM stage, LOC553137, HOTAIR and TINCR were linked to lymphatic metastasis (Table V) .
Furthermore, to further identify the 19 key lncRNAs with prognostic characteristics from 361 GC patients, the lncRNA data set and the overall survival information were profiled by the univariate Cox proportional hazards regression model and 8 lncRNAs were found significantly associated with GC patients' overall survival (log-rank p<0.05). Among the 8 significant lncRNAs, 3 lncRNA (RPLP0P2, FOXD2-AS1 and H19) were negatively associated with overall survival (p<0.05), while the remaining 5 lncRNA (TINCR, SLC26A4-AS1, SMIM10L2A, SMIM10L2B and SNORD116-4) were positively correlated with overall survival (p<0.05) (Fig. 7) . Subsequently, to confirm the reliability and validity of the above analyzed results, we random selected 2 key lncRNAs (HOTAIR, UCA1) and analyzed their actual expression levels in 82 newly diagnosed tumor tissues of GC patients and adjacent non-tumor tissues. Results suggest that HOTAIR and UCA1 both were significantly higher expressed in GC tumor tissues than adjacent non-tumor tissues. The results from the qRT-PCR validation in 82 newly diagnosed GC patients and the above bioinformatics results (Table I) were 100% in agreement (Fig. 8) . To further analyze the association between the 2 key lncRNAs and clinicopathological characteristics of 82 GC patients, we found that HOTAIR was significantly associated with tumor size and lymphatic metastasis, and UCA1 was significantly associated with tumor size, TNM stage and lymphatic metastasis (Fig. 9) . The two lncRNAs are clinically relevant and the results of bioinformatics analysis were almost the same, and the results showed that our bioinformatics analysis is credible.
Discussion
Although over several decades there appears to a slight decline in gastric cancer (GC) incidence and associated mortality (27) , it still has outstanding incidence and mortality in China, with a large number of patients diagnosed with an advanced stage and poor prognosis (28) . Many Japanese series have consistently reported that early diagnosis and treatment of GC, with a 5-year survival rate approximately 90% (29) . However, the diagnosis of gastrointestinal (GI) endoscopy cannot find all precancerous diseases and the early stages GC (30) . Therefore, in order to improve this situation, increasing attention has been given to the identification of genes and the exact regulatory mechanism of GC development and progress. Recent years, lncRNAs have been found to be associated with wide range of biological regulatory functions (31) . Many studies have reported that lncRNAs participated in pathogenesis of cancers, epigenome, levels of transcription and post-transcription (32) (33) (34) . To date, only a few studies have reported the expression profiles of lncRNA in GC by microarray or sequencing, and with small sample size (35) . LncRNA and mRNA co-expression network was built by significantly differently expressed lncRNA and mRNA (36) . In addition, some studies also described interactions between lncRNAs and miRNAs (37) (38) (39) or lncRNAs and mRNAs (40) in GC, the results of which showed that lncRNAs may function as a part of GC related regulation network, but lncRNA functions are still poorly explored.
In the present study, we identified tumor grade and lymphatic metastasis related specific lncRNAs, mRNAs and miRNAs in GC from TCGA database. We predicted functions of differentially expressed genes in GC by GO and Pathway analysis. Then, according to the bioinformatics differential analysis we constructed a ceRNA network with tumor grade and lymphatic metastasis related GC specific lncRNAs, mRNAs and miRNAs, which provides an integrated biological views of ceRNA network. Furthermore, we selected key lncRNAs from ceRNA network and further investigated their distributions in different GC clinical features and their correlations with overall survival on the basis of RNA sequencing profile from TCGA. Finally, we randomly selected two key lncRNAs (HOTAIR, UCA1) and analyzed their actual expression levels in the 82 newly diagnosed tumor tissues of GC patients and adjacent non-tumor tissues using qRT-PCR and further analyzed the association between the two key lncRNAs and clinicopathological characteristics to confirm the reliability and validity of the results of the bioinformatics analysis.
Based on the RNA sequence data from TCGA, we found that 25 specific lncRNAs, 22 specific miRNAs and 489 specific lncRNAs were differentially expressed in different tumor stage and lymphatic metastasis of GC patients from 361 GC tumor tissues and 34 non-tumor stomach tissues. Focusing on dysregulation mRNAs through GO and Pathway analysis, the GO results suggested the functions of significant differences in the aspects of immune functions, metabolism and cellular functions, the significant differences in the pathways mainly focus on cancer-related pathways such as 'PI3K-Akt signaling pathway, Wnt signaling pathway, pathways in cancer and small cell lung cancer'. Many pathway-related analysis of the GC significant difference genes, Liu et al (41) and Ren et al (42) , also found 'PI3K-Akt signaling pathway and Wnt signaling pathway' were related with GC cell functions.
In addition, many studies have reported that lncRNAs may function as ceRNA regulators to communicate with other RNA transcripts (15, (43) (44) (45) . For example, the lncRNA H19 has been shown to play an important role in tumor progress (46) , by acting as an endogenous RNA sponge to inhibit miR-675 in breast cancer and reducing miR-675 mediated translational repression of c-Cb1 and Cb1-b (47) . Therefore, there may be some internal contact between lncRNA-miRNA-mRNA in the progress and development of GC. Based on significant differences in lncRNA, miRNA and mRNA expression data, we construction the ceRNA network by bioinformatics prediction and correlation analysis. The ceRNA network we built reveals an unknown ceRNA regulatory network in GC. Recent study also identified that lncRNA interactions with miRNA and mRNA might act as potential diagnosis and prognosis biomarkers in cancer, such as H19, PVT1, HOTAIR, UCA1 and TINCR (7, (48) (49) (50) (51) . In our ceRNA network, we also found these key lncRNAs. Furthermore, many genes from the ceRNA network also were reported as oncogenes and tumor suppressors participating in cancer development and progression, such as COL1A1, FIGF, GHR, HOXC10, LIFR and SF11B (52) (53) (54) . In the present study, we analyzed the GC specific lncRNA indirectly related mRNAs signal pathways involved in ceRNA network. The pathways analysis results showed that there were four pathways related with cancer. In addition, Ke et al also found that the miR-326 was overexpressed after knockdown lncRNA HOTAIR in glioma cells, which reduced FGF1 expression by activating the PI3K/AKT pathway (55) . Therefore, our results suggested that these key lncRNAs may play an important role in the progression and development of GC and the cancer genes related pathways.
To gain insight into the function of lncRNA, 19 key lncRNAs from ceRNA network were analyzed for associations with the clinical features such as gender, race, tumor grade, TNM staging and lymphatic metastasis. The results suggested that 14 lncRNAs were associated with the above indicators, such as HOTAIR, TINCR and H19. These indicators of lncRNAs mainly focus on tumor grade, TNM staging and lymphatic metastasis, among these lncRNAs, H19, and HOTAIR also were reported to be indicators of invasion and lymphatic metastasis of GC (56, 57) . However, the function of other lncRNAs has not been reported with relevant features yet. Then, we also analyzed the associations between the above 19 key lncRNAs and patient survival. The results showed that eight lncRNAs were related to GC overall survival. Among these eight lncRNAs only H19 has been reported in the survival of hepatocellular carcinoma (58) , and the other lncRNAs (RPLP0P2, FOXD2-AS1, TINCR, SLC26A4-AS1, SMIM10L2A, SMIM10L2B and SNORD116-4) were not reported yet. However, the results of lncRNAs and overall survival reveals potential indictors of prognosis in GC.
Subsequently, we randomly selected two key lncRNAs (HOTAIR, and UCA1) and used qRT-PCR validation to confirm the reliability and validity of the above bioinformatics results from the 82 newly diagnosed GC patients. The results from the TCGA and qRT-qPCR experiments were 100% in agreement. Correlation analysis between the HOTAIR, UCA1 and the clinical features were performed. The results showed that HOTAIR was significantly correlated with tumor size and lymphatic metastasis, and UCA1 was significantly correlated with tumor size, TNM stage and lymphatic metastasis. The two lncRNAs are clinically relevant and the bioinformatics analysis were almost the same, and the results showed that our bioinformatics analysis is credible.
In conclusion, the present study successfully identified cancer specific lncRNAs in GC by bioinformatics analysis from hundreds of candidate lncRNAs and large scale samples in TCGA database. Moreover, we constructed a ceRNA network; it provided a new approach to lncRNA research in GC. Importantly, we analyzed abnormal expression pattern of GC specific lncRNAs under different clinical features and overall survival. We also used qRT-PCR validation for the reliability and validity of our bioinformatics analysis results. Results revealed that lncRNAs (ATP8B5P, FOXD2-AS1, GUCY1B2, H19,  HOTAIR, LOC100128164, SNORD116-4, LOC553137, PART1,  PGM5-AS1, PVT1, RHPN1-AS1, RPLP0P2, SLC26A4-AS1,  SMIM10L2A , SMIM10L2B, TINCR, TSPEAR-AS2 and UCA1) may be considered as potential specificity biomarkers in the diagnosis, prognosis and classification of GC.
